Study of the therapeutic effectiveness of ''Abies-masti'', a medication based on Siberian fir needles, in the treatment of subclinical mastitis in cows. The therapeutic effectiveness of the medication was studied in cows with subclinical mastitis. ''Abies-masti'' was rubbed into the skin of the inflamed lobes twice a day after milking until the clinical recovery of the cows. Hematological blood tests, as well as the examination of milk samples from the affected parts of the udder before the treatment and in 5 and 12 days from the beginning of the treatment were carried out according to the methods generally accepted in veterinary practice. The authors of the research established that when using the medication ''Abiesmasti'' to treat cows with subclinical mustitis, the clinical recovery of animals under production conditions was achieved within 3.14 ± 0.26 days. The therapeutic effectiveness of ''Abies-masti'' was 91.4-92.6%. The authors proved that the normalization of the hematological parameters, as well as the organoleptic, physico-chemical, and microbiological indicators of milk occurs on the 5th day from the beginning of the treatment. The cost of the treatment amounted to $ 0.45 per animal. The restoration of the functional state of the mammary gland and the recovery of cows with the use of the given phytomedication is achieved within a shorter period than with the help of other anti-mastitis medications. 48 hours after the last application of the medication, the milk of the recovered animals fully meets the requirements of GOST. The result is achieved thanks to the composition of the medication and the properties of its components, which have a bactericidal effect against the causative agent, increase the protective forces of the macroorganism and ensure the stability of the therapeutic effect. The authors of the research prove the effectiveness and expediency of using this medication based on Siberian fir needles for the treatment of subclinical mastitis in cows.
Introduction
Mastitis in cows (MC) is a disease of great economic importance in the dairy industry all over the world since from 15-30 to 50-75% of animals on dairy farms may get the disease during one year (Sultanov et al., 2015; Abebe et al., 2016) . The damage inflicted by MC to dairy farming includes a dicrease in milk yield (10-70%), a deterioration in milk quality (8%), a shortage of offsprings (8%), as well as an increase in the costs for feeding and keeping animals (Sultanov et al., 2015) . Up to 30% of diseased animals are subject to forced and premature culling due to irreversible changes in the breast tissues (Sultanov et al., 2015; Gamayunov et al., 2016) . At the farm level, the frequency of the development of clinical mastitis (CM) in cows is 3.4-11.5% (Abebe et al., 2016; Bhat et al., 2017) . The incidence rate of subclinical mastitis (SCM) is much higher, in particular, from 30 to 82.6% higher than the number of cows with MC (Nyman et al., 2007) . At the same time, bacterial mastitis is recorded in 78.6-86.9% of cases (Danilov, 2015; Suleiman et al., 2017) . In the milk of cows with SCM, bacteria are detected in 79.5% of cases (Danilov, 2015) . MC is the most widespread among non-communicable diseases in the Republic of Kazakhstan (from 32.4% to 42.7%) (Danilov, 2015) . The incidence rate of MC varies considerably in the republic. During the lactation period, CM and SCM are recorded in 5,35-17.4% and 23,5-82.6% of cases (Danilov, 2015; Zhumanov, 2016) .
Most often, the causative agents of MC include St.Aureus (51.2-60.87%), staphylococci (13.04%), Str. uberis (4.35%), Str. dysgalactiae (8.69%), and E. coli (13.04%) (Abebe et al., 2016; Bhat et al., 2017) . The causative agents of SCM are as follows: St.aureus (36.8%), Ps. aeruginosa (17.8%), St. epidermidis (16.1%), Klebsiella spp. (9.5%), Micrococcus spp. (6.3%), and E. coli (4.9%) (Suleiman et al., 2017; Zhumanov, 2016) . In some cases, associations of microorganisms are isolated. The greatest number of associations, 32.1%, is observed with purulent-catarrhal mastitis. (Danilov, 2015) .
At present, the treatment of MC is based on antimicrobial therapy. In the Republic of Kazakhstan (RK), the treatment and prevention of MC is carried out in accordance with a manual. According to the latter, the treatment should be comprehensive and aimed at suppressing the vital activity of the microflora, increasing the resistance factors, eliminating the soreness and swelling of the udder, as well as restoring the physiological function of the affected quarters (GOST 31449-2013). As all over the world, etiotropic therapy is based on the use of antimicrobial (alone or in various combinations), as well as enzyme medications of bacteria, probiotics, phytoncides, etc. (GOST 31449-2013).
The consumption of antibiotics in food animals is growing all over the world and sometimes exceeds the amount consumed by people (Van Bunnik & Woolhouse, 2017) . This is due to the fact that in addition to being used for medicinal purposes, antibitics serve as growth stimulants for animals (Van den Bogaard & Stobberingh, 1999). However, excessive use of antibiotics leads to drug resistance in MC agents (Van Boeckel et al., 2017) . Studies have reliably proven the resistibility of staphylococci and other pathogens isolated from the milk of the inflamed breasts of cows to tetracycline, penicillin, oxacillin, cefoxitin (Srednik et al., 2017) , aminoglycoside, macrolide, lincosamide (Rato et al., 2013) , ampicillin, and sulfadimethoxin (Saini et al., 2012) . The authors identified E. coli strains that are insensitive to penicillin (Zhumanov, 2016) . In some countries, more than 70% of the isolated strains demonstrate resistance to various antibiotics. Multiple drug resistance to several categories of antibiotics is most common . Thus, widespread and unsystematic use of antibiotics led to the formation of drug-resistant strains of MC agents, which, in turn, is a risk factor for the emergence of antibiotic resistance in human pathogens (Van den Bogaard & Stobberingh, 1999). The degree of dependence of these factors on each other has not yet been identified. However, studies in this area are already underway (Van Bunnik & Woolhouse, 2017).
At present, it is known that antibiotics accumulated in milk cause allergies and food poisoning in people (Zhumanov, 2016; Larionov et al., 2016) . In this context, the development of alternative medications based on natural components has become a priority in animal therapy. The development and introduction of new anti-mastitis medications into veterinary practice is also a relevant issue. These products should be environmentally friendly and safe; have a high therapeutic effect; and not cause microorganisms' resistance to them. Medications based on natural components, for example, animal tissues, minerals, and plants, fully meet the above requirements.
Today, about 25% of veterinary medications around the world are obtained from plants (Rastogi et al., 2015; Suroowan et al., 2017) . Whole plants or parts thereof are used to prepare different medications (Balakrishnan et al., 2017; Rastogi et al., 2015) . Studies confirm that plants and plant-based medications have an inhibitory and antimicrobial effect on MC agents (Pașca et al., 2017) . Therefore, the use of medicinal plants implies a promising perspective for the treatment of MC. When determining the chemical composition and structure of active substances of medicinal plants and their medications by using modern high-precision methods (Makarova et al., 2013; Yong-Li et al., 2015) , it was established that the essential oils of plants include various chemicals, for example, thymol, foams, and cineoles. A large number of terpenoids and terpenes provide oils with geroprotective properties and promote the regeneration of tissues (Kudryavtseva et al., 2016; Wenming et al., 2016) . In 80% of cases, the minimum inhibitory concentration (MIC) of plant essential oils ranges from 15.02 to 31.08 μg / ml (Ksouri et al., 2017) . In this regard, herbal components in the composition of various medications are used to treat animal diseases, including MC (Bartha et al., 2015; Ksouri et al., 2017) . Plant extracts that are obtained by using solvents of different polarity, for example, acetone, ethanol, petroleum ether and water, dilute hydrochloric acid (pH 4.0) at 70° C , and NH 3 solution (pH ~ 8.5), also contain a large number of active substances. NH 4 OH demonstrates the greatest extracting ability (Danilov, 2015; Shakhmatov et al., 2015) .
Given the urgency of the problem, scientists around the world study the issue of using medicinal plants for the treatment of MC. In various states of India, about 75% of naturally grown medicinal plants are used to treat a number of animal diseases, including MC (Rastogi et al., 2015) . Of the 441 formulations based on the use of various plants, 353 are safe and effective (Balakrishnan et al., 2017) . In the Russian Federation, a number of new anti-mastitis medications have been developed: fuzvet-A (from pumpkin seeds), vivatone (based on a decoction of herbs and ammonia), "Penosept" (based on a common nettle extract), "Mastig" (a plant complex), etc. (Belkin et al., 2006) . The effectiveness of plant-based pihtoin ointment and trauma-gel used as independent agents in the treatment of SCM was 16.7 and 63.2% respectively, while their combined application allowed achieving 100% recovery in cows (Larionov et al., 2014) . In the Republic of Kazakhstan, for the treatment of MC during the lactation period, when the use of antibiotics affects the product, it is recommended to use the medication of Vitamin B based on essential oils of pine, juniper, cedar, and echinacea purpurea. Intercysternal application of 20% infusions of herbs (common nettle, bearberry, perforate St John's-wort, yarrow medicinal, etc.) is also highly recommended. The therapeutic effectiveness of a five-time application is 91.5-96.0% (GOST 31449-2013).
In recent years, in the territory of the CIS countries, medications based on the components of A. Sibirica are being used in medical and veterinary practice. Siberian fir (A. sibirica) is a coniferous tree of the pine family widespread in coniferous forests of East Kazakhstan. It gives fir, decorations, infusions, tinctures, and extracts (Dilbarkhanov et al., 2005) . The needles are the most valuable part of the fir. Extracts from fir needles contain tannins, essential oils, β-carotene, ascorbic acid, flavonoids, and glycosides. The content of the latter is quite high (Danilov, 2015) . Fir oil has a high etheric value -177.7 ± 8.4 (Danilov, 2011) . In the composition of the essential oil extracted from needles A. Sibirica, bornal acetate (34.21%), borneol (24.16 ± 3.12%), α-terpenes (6.72%) (Pavolotskii, 1959), and aliphatic compounds, for example, pinene, myrcene, cadinene, camphene, etc., (up to 41.20%) were detected as the main constituents that largely determine its biological activity (Pavolotskii, 1959) . In addition, pectins (Shakhmatov et al., 2015) and pectin polysaccharide (Makarova et al., 2013) were extracted from A. sibirica needles. Complex anti-mastitis preparations that contain the essential oil of A. Sibirica has a beneficial effect on regenerative processes, increases skin elasticity, softens the skin, heals wounds in shorter time, demonstrates antibacterial. The antimicrobial activity of the medication against mastitis pathogens is quite high (the zone of growth retardation ranges from 15 to 49.5 mm) (Tarasov et al., 2013) .
The authors of this research studied the chemical composition as well as the antimicrobial effect of extracts of A. sibirica needles by the method of serial dilution in the MPB against inflammation of the mammary glands of cows with mastitis, strains of St. Aureus, St. еpidermidis, Str. аgalactiae, and Str. Uberis. The authors revealed that in 1:64 -1:256 dilutions, extracts demonstrate bactericidal activity against all test-bacteria. The highest antibacterial properties were observed in ammonia extracts (1:26, 1:256) (Danilov, 2010) . Within the framework of the scientific research on the topic " Biotechnology of Medications Based on Siberian Fir Needles For Cows with Mastitis" for grant financing of the Ministry of Education and Science of the Republic of Kazakhstan (state registration number 0109РК0191, inventory number 505 from September 16, 2009) in 2009-2012, the researchers of the East Kazakhstan State Technical University named after. D. Serikbaev (EKSTU, Ust-Kamenogorsk) developed "Abies-masti", a medication based on A. sibirica needles, for the prevention and treatment of MC. In addition to the extract of A. sibirica needles with ammonia and fir oil, the composition of the medication includes dimethyl sulfoxide and an ointment base. Dimethyl sulfoxide, which is able to rapidly penetrate into the skin and transfer other substances, is included in the composition of the ointment to increase the transdermal transfer of active substances. Besides, it serves as a local anti-inflammatory and analgesic component. The resulting medication is a yellow-colored homogeneous emulsion with a pleasant smell of needles and pH of 7.8-7.9. The authors of the medication obtained an innovative patent of the Republic of Kazakhstan (RK) and developed an enterprise standard (Danilov, 2010 (Danilov, , 2011 . "Abies-masti" has an antimicrobial effect against Str. agalactiae and St. aureus and generates a zone of growth retardation in bacteria on MPA in diameters of 17.6 ± 1.5 and 18.2 1.6 mm respectively. In addition, the medication has antiinflammatory and healing properties. It has no allergenic and sensitizing activity, and demonstrates a moderate toxic effect (LD 50 = 160 cm 3 / kg) (Danilov, 2015) . The aim of this work is to study the therapeutic effect of the "Abies-masti" medication in the treatment of SCM. The relevance of the research is related to the use of herbal medications for the treatment of SCM in cows with the aim of increasing the effectiveness of the therapy, reducing the duration and costs of treatment, minimizing the use of antibiotics, and obtaining environmentally friendly livestock products that are harmless to humans.
Materials and methods
The work was carried out in 2012-2015 in ''Bagration'', a peasant farm (p/f) in the East Kazakhstan Region (EKR), as well as in the base of the East Kazakstan Regional Veterinary Laboratory. The incidence rate of MC on livestock farms of Bagration p/f is 12.6% -28.4% of the total number of animals. The authors conducted experimental studies on the effectiveness of the medication on cows with SCM. The established diagnosis was based on clinical signs, the positive reaction with a 2% solution of mastidine, a creaming test and counting of somatic cells in milk samples according to Khilkevich.
For the scientific-economic experiment, the authors selected 14 cows with SCM. By the principle of analogs, they formed two groups of seven cows: an experimental group and a control group. For the production experiment, the authors selected 253 cows with SCM and divided them into two groups: an experimental group (190 cows) and a control group (63 cows). In the experimental groups, the authors of the research used the medication ''Abies-masti'', which was applied to the inflamed parts of the udder twice a day after milking. In the control group, the medication ''Percutane'' was used. The latter was applied externally: it was sprayed from a distance of 10-15 cm from the affected surface. Both medications were used prior to the clinical recovery of cows and the two-time negative reaction with mastidine.
The diagnosis of MC and the control of animals' recovery was performed through clinical and laboratory blood tests and milk samples from the affected lobes. Hematologic examinations of blood and the study of milk samples were conducted in the base of the East Kazakhstan Regional Veterinary Laboratory. To determine the number of red blood cells, white blood cells, hemoglobin, leukocyte formula, and the total protein and its fractions in blood content, the authors of the research used the diagnostic kits "Biola-test Lachema", as well as the generally accepted methods in veterinary practice (Kondrakhin et al., 2004) . The organoleptic, physicochemical, and microbiological indicators of milk (protein and fat mass fraction, acidity, density, mass fraction of non-fat dry milk (NFDM), content of somatic cells, number of mesophilic aerobic and facultative anaerobic microorganisms) were checked for compliance with GOST 31449-2013 by generally accepted methods (GOST 31449-2013; Kondrakhin et al., 2004) . All the indicators were measured prior to the treatment and in 5 and 12 days after the start of the treatment.
The authors of the research processed the experimental data by the method of variational statistics using the computer program Microsoft Office Excel 2007. The reliability degree of the difference in the obtained data was determined by the Student's test.
Results
As a result of the scientific-economic experiment, recovery of all the animals was recorded. During the treatment of SCM in cows using the ''Abies-masti'' medication, soreness and tightness in inflamed udder quarters decreased in 1-2 days. In the course of the further application of the phytomedication, all the animals recovered within 2-4 days. The medication allowed achieving restoration of the functional state of the mammary gland.
In the control group, the authors of the experiment observed an improvement in the overall condition of the animals in 1-2 days. Recovery was achieved on the 4-7-th days of treatment. In order to assess the condition of animals, the control over the course of the recovery process, and the occurrence of relapses of mastitis, the authors of the research applied laboratory tests of blood and milk. The results of the experiment are presented in Tables  1  and  2 . Table 1 shows that in cows with SCM, most hematological indicators are within the physiological norm. However, it is possible to observe some mild changes in the blood, in particular, emergence of neutrophils, a slight increase in the number of neutrophils and a dicrease in the number of segmented neutrophils, as well as an increase in the number of basophils. White blood cells are also within the norm, but their number is close to the upper limit value. The norm of the γ-globulin content is 20-40%. In both groups, this indicator is 23.4% and 23.5%, which indicates a low immune response of the body. The treatment of cows led to a change in the indicators under study. On the fifth day of treatment, in the experimental group the authors of the experiment observed total disappearance of young neutrophils, a significant decrease in the control of the number of stab neutrophils, and an increase in the number of segmented neutrophils. There was a significant change, in particular, a decrease in the number of white blood cells by 11.7% (P<0.05) in the experimental group and by 1.4% in the control group, which was due to the decrease in the impact of the pathogen and the decrease in the inflammatory reaction in the mammary gland as a result of treatment.
In both groups, the authors noted normalization of protein-carbohydrate metabolism, and the amount of total protein increased by 6.3% and 2.2%. In experimental animals, there was a redistribution of protein fractions upwords in relation to the control of the amount of γ-globulinin by 5%, which indicates the activation of the protective forces of the body.
During the treatment, the authors of the experiment observed normalization of the secretion of the mammary gland in the cows ( Table 2 ). As can be seen from Table 2 , before the treatment, in the cows of the experimental and control groups, the protein mass fraction (3.03 and 3.02%), content of fat mass fraction (2.95 and 2.92%), and NFDM (8.24 and 8.21%) were within the norms. In both groups, the authors noted a decrease in the milk density by 0.08 and 0.08%, and acidity by 13.1 and 13.75%; the number of somatic cells exceeded the norm by 1.8 and 1.82 times, and the number of mesophilic aerobic and facultative anaerobic microorganisms exceeded the norm by 1.7 and 1.8 times respectively. These changes indicate an inflammatory process in the mammary gland.
On the fifth day from the treatment with the medication ''Abies-masti'', the authors observed normalization of milk composition by all the parameters studied. The mass fraction of fat and protein increased by 5.4% and 3.3% respectively, NFDM -by 3.9%, density -by 0.13%, and acidity -by 18.7%. In addition, there the number of somatic cells, and mesophilic aerobic and facultative anaerobic microorganisms decreased by 2 and 2.1 times respectively. The changes in the above parameters indicate an improvement in the quality of milk and the absence of inflammation in the mammary gland.
During the treatment of SCM in cows with Percutane, there was an increase in the fat mass fraction by 3.1%, protein -by 1%, NFDM -by 1.3%, acidity -by 16.7%, and density -by 0.12%. The number of somatic cells, and mesophilic aerobic and facultative anaerobic microorganisms decreased by 1.8 times each. The comparative analysis of the changes in the milk composition in the experimental and control groups showed that on the fifth day, in the milk of the experimental animals the content of fat, protein, and NFDM, as well as milk acidity was significantly higher, in particular, by 3.3%, 2.62%, 2.5%, and 1.9% respectively, and the number of somatic cells, and mesophilic aerobic and facultative anaerobic microorganisms was significantly lower, in particular, by 10% and 20% respectively, than in the control animals. On the 12th day of treatment, the organoleptic characteristics, as well as the physicochemical and microbiological parameters of milk in both groups corresponded to the norms, which confirms the absence of disease relapse. Thus, the results of the examinations of blood and milk samples indicate gradual normalization of the identified parameters. At the same time, the recovery intensity in the control group manifested itself more slowly than in the animals in the experimental group. In all the cases, the recovery was confirmed by a negative reaction with a 2% solution of mastidine, a creaming test, and counting of somatic cells in the secretion of the cured lobes.
The results of the production experiment are presented in Table 3 . As a result of the application of ''Abies-masti'' in production conditions, 92.6% of sick cows recovered, and 91.4% of udder quarters were cured in the experimental group. In the control group, these indicators were 69.8% and 72.7% respectively.
The recovery duration of sick animals in the experimental group was significantly shorter than in the control group (by 1.46 days). In cows that did not recover within the specified period, the authors of the experiment identified the antibiotic susceptibility of the microflora isolated from the secretion of inflamed mammary glands. In addition to the main medication, the authors of the experiment further used ''Pharmazin-200'' according to its instructions for use. In the process of further treatment, the remaining animals were also treated. The cost of veterinary measures and the treatment of SCM with the medications ''Abies-masti'' and Percutane were $0.45 and $2.45 per animal respectively. 
Discussion
The change in the physico-chemical and microbiological indicators of milk indicate an inflammatory process of the mammary gland. At the same time, there is a change in the quantitative ratio between the constituent parts, in particular, a decrease in the content of dry matter, milk fat, titrated acidity, and density, and an increase in NFDM (QMAFAnM ) and the number of somatic cells (Belozertseva et al., 2013; Larionov et al., 2014) .
In the course of treatment with the medication ''Abies-masti'', as well as during the treatment with other herbal medications, there is a normalization of indicators and restoration of the functional state of the mammary gland (Larionov et al., 2014) . The increase in the number of agranulocytes and segmented neutrophils in the blood affirms the activation of protective mechanisms and an increase in the overall resistance of the body. The reduction of eosinophils and the absence of young neutrophils in the recovered animals indicate a reduction of the antigenic effect on the hematopoietic organs. The changes in protein fractions in blood, in particular, an increase in γ-globulin and a decrease in α-and β-globulin, indicate the recovery of animals and normalization of the immune response. So, during the treatment of SCM, the authors observed a pronounced therapeutic effect and immunomodulating properties of the phytomedication (Sultanov et al., 2015; Bhatt et al., 2014) .
According to the data of a number of authors, the effectiveness of herbal medications ranged from 16 to 96 % (Belkin et al., 2006; Sultanov et al., 2015) . In this research, the therapeutic effect of the ''Abies-masti'' medication was 91.4-92.2%, and the recovery rate is faster than in animals treated with a medication containing furacilin and ethacridine lactate.
An important positive factor is related to the stability of the therapeutic effect of the medications made on the basis of coniferous species. Even with a 20-time passaging of pathogenic Staphylococcus strains on nutrient media containing sub-bactericidal doses of the A. Sibirica needle extract, there is an oppression of their plasma-coagulating, hemolytic, and dermonecrotic properties. At the same time, there is no increase in the resistance to the antibacterial activity of the medication (Komarova, 1967) .
The authors of this article came to the conclusion that in the treatment of lactating cows with SCM, the higher therapeutic effect of the ''Abies-masti'' medication is related to the complex effect of its components, which have antimicrobial, anti-inflammatory, regenerative, reparative, adaptogenic, and immunostimulating effects. The use of herbal medications for the treatment of SCM is economically justified since the average costs for this treatment are 5.4 or more times lower than when using treatment with traditional chemotherapeutic agents (Danilov, 2015; Tarasov et al., 2013) . In addition, herbal medications do not become the cause of milk culling due to its contamination with antibiotics.
It is necessary to point out that there are sufficient quantities of raw materials for the production of this medication since A. sibirica is the main forest-forming species in the mountain forest of the Kazakh Altai. After each annual logging, a huge amoung of logging residues, including needles, are accumulated and can be used for the production of the medication. The use of the ''Abies-masti'' medication in the treatment of cows with SCM demonstrated a high therapeutic effect (91.4-92.6%) with a sufficiently fast recovery period for the sick animals (3.14±0.26 days) and no relapse of the disease. Thus, the medication under study shows a pronounced therapeutic effect, and the data of this research confirm the potential of this medication as alternative treatment of cows with SCM. The authors of the research did not carry out a comparative analysis between the results obtained and other data due to the absence of similar studies.
Conclusions
During the treatment of SCM in cows using the ''Abies-masti'' medication, the authors of the research found out that its therapeutic effect is 91.4-92.6%. They experimentally proved that the period of clinical recovery with ''Abies-masti'' treatment is significantly less: 3.14 ± 0.26 days. On the fifth day of treatment, the authors noted normalization of the hematological idicators, protein-carbohydrate metabolism, as well as organoleptic, physicochemical, and microbiological indicators of milk. Two days after the recovery and the last application of the medication, all the indicators of the milk of cows fully met the requirements of GOST and was suitable for consumption. The cost of the treatment of SCM in cows with the ''Abies-masti'' medication is $ 0.45 per animal. Thus, the ''Abies-masti'' medication is an effective, environmentally friendly, simple to manufacture, cheap, and effective means for the treatment of cows with SCM. The results of the research confirm the relevance of studying the therapeutic effect of the ''Abies-masti'' medication in the treatment of clinical mastitis in cows.
